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Tracking Performance--Levine et al
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LLevine

ABSTRACT

The effects of repetitive, small-spot, incoherent light flashes on
pursuit tracking was studied in the BLASER tracking simulator under
bright and dim ambient light conditions. Ten experimentally naive men
served as volunteers. The target was a scale-model tank moving at a
constant angular velocity of 5 mrad/sec at a simulated distance of
! km. A series of 5 flashes, presented at a rate of 20 Hz, were
presented during randomly selected tracking trials. Flashes were
produced with a miniature xenon flash lamp housed within the tracking
device and spatially filtered to produce a 100H retinal diameter spot
at approximately 50% of the maximum permissible exposure level,
Colored filters in front of the lamp were used to produce flashes in
the red and green portions of the visible spectrum. Unfiltered light
from the lamp produced white light flashes.

The flashes produced statistically significant increases in the
horizontal standard deviation error scores. These were manifested
mainly by lead or lag errors (crosshairs ahead or behind the target)
in response to the flash, followed by a return to baseline error
levels. The magnitude of this effect was greater in the dim viewing
condition than in the bright, as measured by the maximum aiming error
and the temporal course of recovery. No significant effect was
observed for flash color -- equal energy red, white, and green flashes
producing similar postflash performance changes.
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EFFECTES OF REPETITIVE, SMALL-SPOT, INCOHERENT LIGHT FLASHES
ON PURSUI'T TRACKING PERFORMANCE--Levine et al

The effects of bright light flashes on military performance have
been extensively investigated (e.g., 1,2). For the most part, these
studies have been conducted with aviator personnel in flight
simulators to document the debilitating visual effects resulting from
environmental "white-out" following simulated nuclear detonation,
Typically, high-intensity, full-field, single-pulse, white light
flashes, of several milliseconds or longer duration, have been used to
produce visual dysfunction ‘from the initial flash exposure and
resulting afterimages) and the effectiveness of this disruption gauged
by measuring the latency to complete some visual performance task
(e.g., correctly reporting a feature on an instrumental panel). The
exposed retinal areas have been generally many times greater than that
of the stimulus targets.

Ground troops engaged in combat may also be 2xposed to high
intensity light which could disrupt the successful completion of their
military mission. Pyrotechnics, high-intensity search lights, and
electronic strobes are all capable of producing visual disturbances
which could compromise both unaided-eye and daysight viewing,
especially under low-light conditions. Lasers may represent an
additional battlefield threat. Enemy forces could exploit the
exceptional brightness, accurate aiming, and nanosecond (1077 sec)
delivery properties of lasers by deliberately engaging and optically
countermeasuring soldiers (3). Visible and near infrared laser energy
collected and amplified through magnifying daysight optics and
received by the eye could result in permanent retinal damage with
accompanying long-term visual dysfunction (4), Lower-level, non-
damaging exposures, delivered before the onset of the blink reflex,
could result in temporary flash blindness and adversely impact mission
performance.

Previous work from this laboratory examined the effects of
chromatic strobe flashes on pursuit tracking performance with a
viscous-damped mount tracking device (5). Single-pulse, 538 nm -
centered (green) strobe flashes, almost 10 times below maximum

permissible safe exposure levels (and much lower than levels produced
by many military laser devices), were delivered to volunteers tracking
highly predictable moving targets. Flashes were full-field and exposed
a retinal area with a diameter of approximately 30 degrees, The
flashes produced significant disruptions of pursuit tracking
performance, as measured by increases in both horizontal and vertical
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post-flash standard :u«viation error sccros
ambient ligh*t conditions.

, dnder poo brignt oand o,

An important aspect it laser rodiction from current v r'icidad
systems is the characterisric «F loy Yorn divergen e, Lo, a yory
small beamspread with relaticely ittt ¢ Llieht lou.. o o5 “ypicu’
tactical distances <0 1 v, 2 km, rocusine of e 1oer riciavinor o

i the eye would produce retinal exnotures ne yroeaet«r tne - 20 to [ 1
microns in diameter and encorpass an oree muny Loael Stllls Laln
produced by o magnified view =f the tarpg.s 0 T tioe gt :
tacvical lasers may operats in g pojs. o »0 0y Lt . oy i
Wwaveliengthy 1n the visible ereryy rec oo, 7 e eI Stu [
therefore designed o examir o -~ he effects ol fina. e Iow-T oV
laser exposure, i.e., repetitive, L4l i-=p0% (07 4 retiaa’ jmi o :
‘ diameter), wnite lignt ard chromatic flasnes, on ,ursvi  trosoein
| performance under both bright a:d dim ambrent 1.5 'y IS PRI
l
METHODS
Volunteers Ten experimentaliy -cive men .G a“*ive duly o
and 1 Department of ¢he Army i, 1licn), ran ire "moace [ > m 4 - :
years {(average = 28 yr), serve? o volunt dr. Maocnov o lart
administered & battery ¢f ~linisal visua® to8%s oy Drov.aiec b Lo
ophthalmological examination tefore and after the stude Toeelinocnl

battery included the Farnsworth-Mursal i 100~Hue Test, v Tobhihars
Test for Color Riindness (Kanchare Shunnan Ce,, Tekyo, Jan'n, 19493)

the Arden Test of Convrast Zensitivity, ond Jark-sdoptevio., tosting,
A1l participants were Jjudzed tc be within norma. linmits on botr:
screenings before and after the study. [efore any esperimer*aj or
clinical procedure, each participant was oriefed or tre purpcse ¢ he
study and was requesied to siga & volunteer consent (o-m ‘Appendix i.

Procedurce. Pursuit tracking perform. .nce Jdat. wus cnllecved
simulated fie'd conditions in the BLASEFR trooking simulator (7).
simulator consisted of a scale model Warsaw Fast T-A2 tank tarcet on a

F
terrain board and a full-sized sandbiagz bunker which houszd the
viscous—damped opticai tracking dgevice, "he target wns “rack-mounted .
"

and driven in a single direction from left Lo right at =2 constanr.
angu.ar velocity of 5 mrad/sec., Tre track was 1aid out over a level
course at a constant arc rom Lhe center post of thne {racking device
at a simulated distance of 1000 meters. 1Irialis commenced wit: the
target stopped and the observers' crosshzirs aligned with a C.5 mrad
aiming patch located centrally between the turret and hull of the
tank. On the¢ command, "Ready -- Go," the target traversed the terrain
for approximately 1% sec while the operator attempted to keep the
:rosshairs fixed on the target. An infrared light-emitting diode,
located in the center cof the aiming patch, was imaged by 2 television ‘
camera mounted coaxially with the optics of the tracking device. '
Invisible to the operator, its signal provided a reference point
source for a mircroprocessor and associated software to monitor
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tracking pertormance » lectronioal iy,
Flashes were  produced witn o oniciature  xenon Yluash Jamp (EL&G
N . N . . . . . !
Noo 2730 alse housed within thie troeking dovios, The light-emlitting
area wos feocused and spatialily filtered Yo produce o 2% retinal
diameter spot size and boresighled Lo thne conter of She cperator's |

crossnairs, Te the volunteer onpgaye i in Larger rgoding, “he flash '
appeared Lo originate {rom the tank and cover orn ares no Larger than

the bull's-—eye ot the target's alming paton. flash tria:

consisted of five, O pupsec pulses, ccourring at = rute of 2C i
pulses sec, Chromatically unfiltered lignt from the .nmp Wwas used to ¥
produce "white" light {iushes, Kodar Wratten {ilters were used to
obtain flashes within the red (No, 2f, und green (No, 9%, portions of
the visible spectrum, These cclorg wWere chosen to repreosent currently C
or potentially fi1elded visiblie wavelength laser systems. Using the
radliarnt energy output obtained with the red filtered light as a
standard, neutral density were used with the unfiltered and
green iltered [ight to produce approximately equal cutput energies
between flash conditions, Measured dosimetry of the energies were
caiculated to be nearly "0 times below maximum permissible energy
levels for numan =xposure (%), At no time during the course of the

study were volunteers exposed to laser radiation.

Ambient terrain lighting was controiled by inserting or removing a
separate neutral density filter within the optics of the tracking ]
device, Using a Spectra Minispot photometer, the measured average
terrain luminance at the exit aperture of the tracking device was :
250 1Im/m"~ under bright light conditions. Under low-light, with the
neutral density filter in place, luminance was calculated to
be 0.8 Im/m=. This level was chosen to represent an early dawn/late
dusk condition, Light was permitted to enter the bunker only from the
optics of the tracking device or from an overhead diffused
incandescent bulb, During the bright-light condition, average ambient 4
2 luminance within the bunker was 5.0 1m/m*, The bunker lights were
turned off during low-light trials.

Each volunteer received four daily, 30-trial training sessions

prior to test day. Half of the trials were conducted under each of the

2 ambient lighting conditions. A 1-min rest period was provided

8 between each trial and a 10-min rest break was permitted between each
; block of 15, An additional 10 min was permitted for partial dark
‘4
&
1

adaptation before tracking under the low-light condition., Summary

feedback information, 1in terms of percent time on target and

horizontal standard deviation scores was provided to volunteers

‘ following the completion of each tracking trial. In previous studies,
Ei these training conditions have yielded stable operator tracking
: performance with a high level of operator accuracy. A single
; experimental session, identical to the training sessions except for
the insertion of flash trials, was administered on the day following

oy -
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the complet.on of “raining,  On Lot Lreariap ans test oo, half oo
voluntenrrs stoen 4 utoer Yoo ot irke and half o under Tow- s

condicicens; e order WS oo ternalen for o

Flash trials ccourred rartanly at tre roe 37 Y e Cotrgoaing
trials. Inoall, % flash *~1a’c ul ot o voral o+ vl suong ey o
were precsented Lo each nul o0t o teot dhy, Thoo) s elroa T LT gy
color, were presonted (0 ocock block of 1 i mmd T 0o T1Ao,
Flashes wer ither whito, reg, S oveen Dignt, with *n v cfot
colors botr randin ara evnogotice e, o e 1 e oL crdo L

a a ca vmalirn. oy ArS Wer e peoEartes e o e e
“."7“ ~or v ow YT [ 1) ¢ o )(,'.\"‘u' . Sut e
U S5 Sene il e, celLuro, crorumhe of £ a4,
presentaticrs Lo be used,  ombeddsod o randos (yo owithin e Rloog of
Notrials under eacrk liphling contition Wi g conbrol ool o ddenticel

tc a flash trial exceps thot cne sutpat of tne flass limg va Yiceeod
<

by an opaque soreeon, How: ver, e auditurg - ovporent U tbe Tampe
discharge, = faint "tloipe" sourd, Lo Uil poecan 1
occcurred from oneo Y7 osec witnin o cach Yrlul

Statstical Desien and Analy s Yer o bLovi, “lish ound occctrol
trials, standard devinticen (variable 2prr o osotrls were derived frop
tre digitized time gerics (o0 a rate o8 29 ec, of wn
horizontal and vertical aiming orrora. A niple pevrd o]

centered around the flast. wnsel was g3el for b
flasn effects, By using the mean variatle horizontal ard vartic ol
tracking errorc, separate bt-tests for correlated soonlies e
performed to evaluale “he 2.5 3¢ pre- arnd post-flash meuwn dirfere

under bcth bright or leow=lieont condivicons for the control and
chrcmatic flash trials N:=1" for each coaditien)., PFaximum cbooainte
horizont=l and vertical =iming errors vefore an? after flas) vzr e alen
recorded “nd normparec, An analysis of variance TANOVAY was usad %o
evaluate pre/post variarle error scores os 3 function of ambient-
lighting condition und flash color. The 480VA was perficorsmed with the
BMDP-2V program for mul i mixed designn (9% The ANJVA was
based upon a !fixed-+ifects m with rep-ated meusures or toth
factors, The N.05 level of signifizance was used for the analyses of
all the data.

arz2lvsis ¢f

Ttilaoet

Recovery of normal pertormance was estimat.d by plott.ng average
absolute (lead/lag) errors for eact. flash/.ighting condition for ali
subjects for the S-sec pericd {nllowing flzsh onset ana visually
inspecting the time a2t which the average errcr returned Lo tas2line

rates {the D-sec period befeore the flashi,
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Trhe dava in Ficares 1o snd d were oluelined unior lTow-1lipght
i H

condirions from twn volunteers and were i literately chosen 1o

illustrate "worae cnaced” oo, maximal' Tlash erfecto. ITn Yok
cases, the ‘sreer or winite) flacn prodace s offoeegls ({e., Y005 mred

’
from swarce: center exncargiang of ot cressholre ir the direction of
target movercn) Clefrotnorignt). There wore re obyvious cotunees inor
vertical errer comyporent dn o theose or oy
returned to pre-=triach crror Ievels orr..
the aame flach coniicviors Soler
volunteers «re crown D Figgres
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flash onser nre chowr Tn Yieare Ooand cunmmar,sed o Tauule Y. Loy
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Figure 2. Horizontal SD error scores: 2.5 sec pre/post interval.
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Teorerers iy the wnl e Yor o obe pmennss, medinns, and Ule opresented
P Mieeare D wers ol atare o Crem b combiined davg of 411 ten

voranteerss However, ander tright cambilienty lighe, the port-flash
i Soroboth the red andt contrel flach conditions were plortted
with ‘troken bars' and withear “polid baps) the dnta from Volunteer &,
Bie volunteer wies treatad e oo outlivr tecnuse hig post-flash scores
Foll tevond two 70 o0 e proygp o menn, The incelusiorn eor omission of

Mis veares hnd practieally ne ol fecr on the raleculated pre-flash

S 14 8

qtinries oroon the caboeaaens analycic of the dava,

-4

The recalis of the paired t-tests for pre/rost mean differences i
mder Prichs and dim ambieny Tish conditions 4 presented in

vy

Table 1. ader e bhrisht arntient lighy condition there is a small,
bt sratisriceally sieni fieant /;<.W‘\, ineresse in post-flash variable

L o B ¥ .
creen last conditions. “fed and control ,

'

crror for o the white ol

condivione viclded ner-cipniviceany differences with or without data

from Volunwecor 00 Jirder 3im ambient lieshtine, tbs pre’rost mean
horizontal variable erver difterence wane starictienlly sipgrnificant for
211 bar the control flash condivien.  The increessed horizontal ST i

{
-

inved variability otaerved ander 10w lipht is

Trackinge ereor and o oaeoes {
PN
[ R i

consivtent with durna trom previous studjes
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TABLE 1

Summary of Paired t-tests for Horizontal Error
Pre-Post Mean Differences Under Bright and Dim
Ambient Light Conditlions®*

FLASH PRE FCST MEAN .
COND MEAN SD MEAN sSD DIFF DF t-vaiue FLROZ

BRIGHT AMBIENT [IGHT

RED .082

4 037 .229 .2uy .15 1.94 NE
(.083)" (.03

9
§)  (.157)  (.095) (.07) (8) (.05) (NS)

WHITE . 105 .0u% . 180 .08B1 .07 9 2,26 <.M%
GREEN .088 .039 .166 .113 .08 9 2.27  <.95
CONTROL  .O7U .025 .168 L143 .09 9 2,66 NS ‘

G
(.076)  (.029) (.132) (.049) (.09) (&) (1.70) (1.5)

DIM AMBIENT LIGHT

RED .232 .079 L . 164 21 g q,2% <.05 §
WHITE 227 L4y 43 L2u3 .22 9 2.3 <05 |
GREEN 267 L1137 U403 L7 .24 g 2.6 <.05

CONTROL  .286  .152  .318 .15 .03 9 0.51  <.05 4,

* The analysis was performed using Biomedical Computer Program 2V. jj
t The P<.05 level was used to determine statistical significance.

$Data with Volunteer 8 scores excluded,

Ll — = a L —
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Vertical Frror. T T T T A T A A

", o [T T R ' P ! ‘ . T F
LR ST NI . vy R AT M T wW!
toothe same seale vl b . R O R IR
variatrle crrop leeve S TRUFCIMINY I O SR S
wodmaryo o expee s re b T Py norizental
naturs aftorthe rree T rt:' vertical

1

; Teevtaer s e rerglte of the
P esn e pory AT e o for oany of Lhe
. . . T e : ce y

tlash ropditions "Tat o ), b PO crenenr seen o th rontrol and

component o the
prlred rovents - ono cien
white Uiach cond:ticn ander Tow Jioi 70 = 007 mrad, v2.08) nre of g
sStatistice

Al natare only and of no proctical siernid

~aneo,  No further

analyoes were thercfore poprfarsed on the vertics  orpor duon,

.20
BRIGHT AMBIENT LIGHT

A0+

ao N | o) ol

DIM AMBIENT LIGHT

00+

STANDARD DEVIATION OF VERTICAL
TRACKING ERROR (MRAD)

RED WHITE GREEN CONTROL

Ny MEAN +SD 2.5 SEC E] MEAN % SD 2.5 SEC
BEFORE FLASH AFTER FLASH

Figure 3. Vertical SD error scores: 2.5 sec pre/post interval.
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fummary of Poired L-teots
Fre-p st Moan tiiferenoes

Anmbyont Licht O

FLASH PRE PCT
COND ME AN ) MEAM D

RED LR Lo L RIS
WHITE LG22 R S LB
GREEN L0138 iy L0227 .019

CONTROL .27 .05 LG22 L2

RED 044 Lo L0537 L00
WHITE G2n .007 NN .0us
GREEN L0217 L0004 LOb2 Ll

CONTROL .21 .007 .N50 036

o Verticar Erreor

unaer bright and Dirn

nlilions *

MEAN

. - v
[EONSS DF L=vai s
L

M (8] W

. 49 .78

[THT

.03 9 2.70
.02 9 [

.0e 9 2.55

1 ————————————————————————————— -

< G

*The analysis was performed using Biomedical Computer Program 30.

t+ The P05 level was used to determine statistical significance,
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IFlash Color. The recalrts of g TLfacvar ANOVE w0 dern rmine the
effects of flash color ardi light level on pre- and post-flash
horizontal D error seores are sammarized ir "tie 7. (Peecause of the
observed sbrence of staristiesl sipnificance in the rre-post t-tests
with control trisla, contral reaalts were op.tted in yhne present
analysia.)

TAFLE 7

Imviation

Summuary of Anulysic of Varianecs for Standard
ierieontal Frror Jeoros:

| Tolaur ung Light
Mean Mrerer Differ

JOVRCE DEGREE. OF MEAN UQUARE “ PRCEARLILITY +
FRFEDIOM

¥enn N TR TROF < I
Error 4 VR
Light Level 1 LN BBt <.001
Frror a} LI
Flash Jolor J ReS A LR Ne
Error 1 ReNER)
Light x Color Q .01748 1.24 NS
Frror 18 LTARD
Pre-Pogt
Mifferences 1 AN LTS 202 <O
Error Q BOLIZEN]
uight x Pre-Fost ) . 10884 5.0 <.05
Error q . 02257
Tolor x Pre-Post 2 LA028) RN NS
Error 18 AR

Light x Color
x Pre/Post P4 LVE6S .
Error 18 02442

~3

NS

Py

*The analyris was performed using Biomedical Computers Program 2V.

+The P<.J0% level was used to determine atatistical significance.

13
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As expezted, the ANOVA rove i sipmity ant mair effects for both
ambient light level and pre/post SD scorces.,  in eddition, «tatistical
significance was found for Lo prespost x 1ight level interactior
This latter finding, predrctuable from an inspectioen of Figure 7, 1.
readily explained by the .-zrepsed subjezt norizontal 3D error scores
associated with pest-tiash, .ow=1lght perfermance, No sigrnificant
effects were found UYor flash color or any intersctions containin:
flash color. Arn additicnal ANOVA was pertormed to determin: tr-e
effects of fiash colur and ligny Tevel on pre/post mear SD differer
scores, Althoufsn not sheawn, Lobt™ Lhe flash color moin effe v ond
flash color X light leve!l {nt.ricrion were rnon-cipgh.lio nt, Thus,
under the present ‘o3t coniti-n., uwtilizirs o ielat.vely sch-enal’
high contrast target-baekgrooe @ oray. (ow=-.evel red, freer, and ubi'.
flashes were eguaiiy etirontive in preduciag incereased torizes .o
varisble error Lracking rates.

'

Analvsis of Tracking Error, Jie rnorizontal ST -cror zoorern
utilized in the previous 27> "Le3 cummarize operator variat.ilioy
around ar average poin- of .o, arge excursicong of the tracke-'s
crosshairs are transiated into re_ot,vely higrhor verigboc
scores, Although provicing o useiul ncasur @ of overall e ror icvei,
additional analyses of opecator pectorman e an 3130 be achieve! L
dirently azsessing the pro- and .ot ~lash values of Lhe trace: e
error, i.e., the actuzl raw digitiz:d sc.re3 wuichr ropresa* nt
operator's deviations from the wank's central aiming poatm,

Initiat aiming error in response to ‘lash, Tracking p-orfor ~inc
curves for ail ten volunt-+rs under the bright lignt/whits flash =nd
low light/2reen flash conditions arc presented in Figures ¢ &2na o.
The data shown indicate tne berizontal po-iticn of the cperaies's
crosshairs with respest 4 “arpet center and are represantative of li
the voiunteer/light leve, ' flazh color conditions, Trese curves ore
similar to those p ted in Veoeoures Te-f exc:pt cthat they have veen
combined for all subjects and redrawn to a comrmon arigin (flash

C

3
¢

1]

W

3

onset), In aadition, each poant of inflection represents the ave o o
aim point of & 0.5 sec interval: ranging ron -2.9 cec vre- o +5.0 fec

post-flash,
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/
/
/
H MEAN AIMING POINT
o3+ V1 BRIGHT AMBIENT LIGHT
’ \ / WHITE FLASH
\
/
+ —+ A +- + + —+
2 R 0 1 2 3 4 5
SECONDS

Figure 4a. Individual tracking performance: Bright ambient light -

white flash.

MEAN AIMING POINT
DIM AMBIENT LIGHT

.54 .
3 1 GREEN FLASH
'; ; 2 .'. "N N
-2 - 0 1 2 3 4 s

Figure 4b. Individual tracking performance: Dim ambient light -

green flash.
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While Figures da gnd b expro.as group perforrance in a socmoewhat,
complex manver, even casanal inopectics ¢ the curves irdinatoes that
she onset of tne flagh 10 sec) gencral oy resulte in -ither oniciol
lead or lag errors (eresarnicy ahesd or behind Larpget, upw ~o o
downward deflection of *ae curves, scospoetively), Overal , approsi-
mately equsl numbers of trials d.splaved, altnough to differant de-
grees, both types of rezponse Yo flash ococuarrence (Briget 2iprnt: S-4
lead errour, 0% sag error: Jim light: 40% lead errc-, 40% Yag
A smull nurser ol trialis, about Y% of the Lolo,, displaved trtie
discernitile error. mall, iocalised fterinages wero ropor el cnoer
low=lizht conditicons, but .0 o arecl oxtent muc's suoler oo
the targes. Tielr temporal persistenc, aes Pairly wriel 00«0 nd
had nc observatle effect on cuvreguent rer-flach rol. . ViZnn
monitoring of operator performarce, along Wwith subjestive repor.. b
some ¢f <he volunteers, 2ino revealed the occurroace of Ms.osv oL
reactions tc the onset of tune fliast, These were uswolly coaraeteres
by a brief excursion of the crosshairs in the direction &fF targe.
travel, typicilliy resulting 1n 3 cead error, Jonverco’y, »ft 0 in
response 10 Lhe flash, voluniteers were 1luhibited 10 the.r purs. L
the target., Correcticns L) Lhelr enrulng lay errcors wer . Oooor
acccrparied v smal, targe’ cvershoots Lelore 2 v tumetiorn of gree
flash tracuing e-ror lovels, Jciilonge differences in Figures o and
once avarn indicate thal the: o Tla0h ey fecu we - ol 4 oreots
magnitude and durati o n onder toe o ain omoient Dlghitio. conlition tags
unde:r the oright,

[
e

Maximum Absciur - HUrroor, tributions of masimum errovs, Lo,
the maximum deviatior ~f the croscho.rs from target centor . duris, o
2.0=5ec pre~flacn anc ©,7=s50 posi-flazh epeochs are presentoeld 1
Figures %o and b for toe induvitaasr {lnosh conditions under Loty trognt
and low-ambiernt ght conattieo,  Since Jead and lzg errors oot matoe-
ly result-d ir similor concequences -~ Jdaceptered or off-tariaet cim --
all the tracking errcrs are oypressed g avsolute velues.  Inolviducd
scores are shtown oy filiced cir: «s, range Jimits are expresscd oo o
top- and bottom-moest scorer. and sample means ars shown "y tne nori-
zontal lines witrin the range bzrs. One post-flasn maximum error valu
for both the wrhnote and green flash corndition under low=lipnt  <xtendea
bevend the system's recording capability (+2.% wrad) and, for
purposes -1 auta prosentation, 1v was assigred a value of 2.0 wrad Cas
shown by the asterisks or the white and green post-rinash samp.»
distributions i~ Figure 5b),  The horizontal dashed lines st 0.29 mr.
in Figure Sa and at 2,00 mrad in Figure b represcnt, respectively.
the limits of the target board and the ftront/rear end of the tank fromn
the operator's 2entral aiming point. (Because of the target teoards'
center-ci-mass position along the tank's turret ring, the angular
subtense is slightly unequal frem target center to the front. [1.8%
mrad! and rear [2.15 mrad] ends of the tank. The 2.00 mrad valuec.
therefore, represents a "compromise" between thise two extents.)
Scaling differences along the vertical axes underscore the influence
of ambient light level on overall performance.

il
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3 1.0

E o9+

- BRIGHT AMBIENT LIGHT
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< 0.4‘*’ _.:_. i
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; 0.2" Lo [] ‘1
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° Y ;
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Figure 5a. Maximum absolute error: Bright ambient light.

RED WHITE

OIM AMBIENT LIGHY

Z:ii N

MAXIMUM ABSOLUTE ERROR (mrad)
s 5

GREEN CONTROL

-

- |
08 . !
0.7 . : N
0 A
os ...J - .
0.4 H -
03 o] L. i
0.2 L J
o
o # [ wor W o ww
€g € T3 T8
RED WHITE GREEN CONTROL

Flgure 5b. Maximum absolute error: Dim ambient light.
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Tovents Cor o copre Late ot oty e W e taopto roLny
sienificance o rooiran a0 g apee s o p ot et - Eo
the Tlash i o v " Pew o cher o grene o pTbg ,
STAatistical oior S0 o ae s b ey E tap b peer THe 07T 0 e
t‘4.":’. oL o e HEI R R
““l’"i PR . : v 1 e, e v, v ~’,, - i :':",,.( YRR PRI oF I ’
Stut‘“':“ ey n AR P oy cond i red S
e T T S S R R MR S R O N
R LAE AR Maode, Tt . (T ST IEGRNE g
smy i Lo, W v, : .t . L. L T oy .
;"“'—I:' . = . . Doy SN PPN v , .
absolat. e .o S . e, R !
Fipare s ctows st b e e e T 3
leviati vt r . . Qo otk oy oot e - :
boari, : L A N N I R LS Yoo, rrer e L ’ i
Poevegr ot roal e i ooy, (e :
. nod Doy NERE i Lo !
. D e ey i v ier e i
. . ' v ETRT: R Lo )
. MU S AN O I T e :
S T . .
. oL i v, - .o A d .
Nevertheleoss, the o me cpicy 0f aen vl g0 e nb e R '
the woimath - Sinct e e eel” R S ST T :
af- Timine .
[T gL ,\r R r"“ IR TN 2UY e Ly 1w Lo -
and Lheoavera teon n,ooerrora Top ol che I
cond.tiong under bPrighs bt amt e Lobe il Turves we e i
with flasrh crpser as o oo crcedn oad Wiy ceints LD dntieenicl
reprefenting .S -ze > crodp iverapges Poom =00 ger pee of Tagsk omo 0T
sec pnsi-ilachs A1 the o PR HTA G X T TTes3e L8 neTitive nup Revs
irrecpective of cheir derivasiorn from oither Teqy or 1o erroro,
The '—:ff6~'" of flunh car M ceer oo oan ol Tuyr o ocaT tron cLent v
increase in sining error wit' s oevential ret.rrn o basellae orroyp
levels. F“PHJﬁ“ the rointe o each o9 tre cvves retrecert the .
average d@fl#flOn over ".Sezeo intervalc for ench sutb et averaged
over all sabjc 2, the actual helighie o0 the curves present a Somewnas X
conservative estimate of the scrua. mapnityde of the a*- ing error. -
However, the time course of flach recoveryv i+ ~endily arpnrent oy otnlc ;
approsch,  ¥or both ambient Tighr conditions, error amplitade pealen |
fairly rapidly "1-2 cec post-Slash), nitho st there was © maraed A
difference in the nverali ¢rror masnitiude in the two light Tevelis. !
Return to baseline error levels occured in bright light within 2 sec;
under low liphv, recovery was oxtended but complete by 4 see for al:d
flash condirions,
:
:
l«
|
] . * R I Z R I {
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F igure 6a. Average absolute ainung error: Azimuth - Bright ambient
light.
1+

0.8

g 0.6

0.4

Figure 6b. Average absolute aiming error: Azimuth - Dim ambient
light.
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DISCUSSION

The effects of simuisted luser exposure on pursuit tra-virg
performance ware investigeiea. Repetitive, nor-coherent, sno l-spes,
white light and chromatic flasnes produced =tatisticaily sign. .ran
increases in horizontal SO trucking errcr., ‘hese were manitesy
mainly by initial ‘<ad or lag errors {(erossnairs ahend o~ bt
target) in response to the tlash ard followed by & return to rre=-7"lach
performance levels. The mogaitude -~ the effact was greater uinder the
dim viewing condition than under the brignt, a< meazure . Yo bot= 4n
maximum aiming error as wel' a: by the torporel course of recevery,
However, under dim viewing conditions, the ‘lash fraguently re. alte~
in the presence of afterimages znd in the eliocitztion of s artin
reactions, both of which coulé have <ontributed Lo the inc:easer
performance decrement cliserved under this conditicon., Su.h =ffocts
could be expected under conditions of part;al Jdark adaphtuatr.n waers
the pupil was dilated and there wis o concomivant .rerease in rotlin.e
sensitivity, No significant effeat was ceen for flash ccicr - ref.
white, and green tlashes of equal <wnergy producing eqguiveient n =%
flash performance changes - althou:h unalyses of the miming =rrers
under low light {(Figures © ari H) susges'. ithat the red {loch muv aove
resulted in a smaller trzcking decrement than either the greo, or
white (the latter comrprising tie entire visible speatrimi, At Luan
speculative, such findings woula provide confirmation t.- ~he
subjective reports elicited from the voluntecrs regzardlng the
differences in the observed apparent brighiresses tetween the radg and
the other flashes and would be ir agreement with the resulis ex;ecier
from a consideration of the standard CIY observer curve (i1).
Investigators (5) utilizing the BLASER apparatus under sin . lar
experimental conditions previsusly found that single 538 nm - centored
flashes, of radiant energy eaqual tc traf used in the presen. s..dv,
concistently produced large disruptions in pursuilt tracking pertor-
mance, That study, however, included a full-~field iash vhose onret
resulted in a protracted series of ufterimages, partially obscurine
both the entire target and su-rounding terrcin for several seconds
and often persisting intu tue next non-flash trial. In additinr.
flashes were frequently accompanied by large ctartle reactions, whion
further contributed to the frequently obscrved off-scale crccshaire
deflections. Retinal spct-sizz in the vresent study was limited to
100u, visibly just barely filling the area occupied by the bulits-
eye of the target board. Reported afterimages, primarily confined te
the dim viewing condition, were generally brief, smali, and rapidly
resolved. 1Indeed, at no time was even the target board obscured
either by the flash or the ensuing afterimage., In addition, &analyses
of the data and reports from the volunteers suggest that the cveralil
startle valence of the flash in the present study, again primarily
confined to low-light trials, was much reduced in comparison with the
observed effects in the previous study (5). Unlike the findings in
that study, no clear trends indicating a reduction in flash effective-
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e with repeated exposures coald be devecteds Thas, dlrparities in

the twe stadlies may retflect d0fering dJeprecs o8 physioiopqicen] wnd

g >

raycholoeics] impact related to both the sive «nd specificity of
ratinal exposure.

It has been arated that the oUfectn of flash can be nssessed
rroperly only by {ts consequences apon performance uni that such
wffects are task cpecific (120, Under conditvieons ¢ the present
srady, therefore, the small-spor flash resulted in perforprance chanpes
} that were only minimaliy salient under photople viewine conditiens,
While i1 is tempting 1o specialave on the "tarticsl” inplications of
these Yindinps, s precice extrapalation of these datn t¢ the "real
worid" is dirficalr due to the constraints imposed by the laboratory
i simulartion. Thus, while the rracking error rates jroduced in the
aimalation are representative of those produced atilizing curren~ly
fielded devices (17, the aerual relationship tetween performance
reqaired in the latoratory te that in the field remains anknewn.  Such
factors as tarpet prediectability fle.r., anegular velocity und direction
of movement) and tenign operuating conditions, while aseful for a
laboratory tracking simulation, may not provide ~onditions rypical of
4 combat environment, Tnereased complexity of careet motion,
variability of target sice, ani viewing and operuting cenditions which
take into account varying conditions of visibility, contrast, and
noise, could result in less et ficient tracking and more rronounced
flash effects. Finally, a wealth of biceffects data, glesned from
hoth human nccident literature (14) and stadies utilizing primate
animal models (15,16), suppest that directed enerpy radiation from
laser aources, due to its special coherency, energy lensity, pulse
daration, and ultrafast delivery properties, may produce effects much
more tunctionally disrupting than those prodaced by any broad-band
sodreo. Pocsuae of all of these factors, the offects of small-spot,
non-cnberent flashes on pursuit tracking performance observed in the
present study should be considered conservative.

CONCLUSIONS AND RECOMMENDATIONS

This study uased repetitive, small-spoty 132 47, non-coherent
flashes, an order of magnitude below maximum permissible safe exposure
levels and much farther below levels characteristic of military laser
devices, to assess pursait tracking performance to large and
predictably moving targets in the PLACFR simulator. A series of
5 red, white, and green flashes, presented at a rate of 20 Hz,
resulted in increased horizontal D error ander bripht and dim-ambient
viewing conditions. linder low-light, the effects of the flash were
characterized by both an afterimage and startle, resulting in a
greater overall error magnitude and longer recovery times under this
condition. Flash effects were attenuated considerably under bright

light.
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Fature stadics wil! dneorporate the preaentation of '\»px,i();‘i
countermeandres with oyanive Largel o aneaver: L orange o4 [lauw
brightnesses will be rteated and an atvomprn rade to correlute Clash

energy with effects apon porformance. Simileriy, flash efTecte will
be evaluatedi under a ranpge of ambien-s Ticsht levels o ~luecitats
potential mechanisma relarvirg peformaace e varying ~'nnes of cerninal
adaptation. Fature work should aloo b

cenont (nvest i englins Lhe

] relationship betwoon the zsite and cpecifeorty off roroan] Saposus And
sracking effecrs. Tn «ddivien, “he rele ot crarole vl apviror- nra
stress should be evaliaved., Ourv-ently ntad ¢ nre rlanr-d to tres

many of rthese variables arder field conairviors griiiatrs the wivth
traired line unit operators asine the TOW rraee v Fovice,
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EXPLANATION OF QUESTTONS PRLATING T

VOLUNTERR ACRREMENT

1. What will be sdministered or Jdone to the volunteers:

Prior to beginning the study you will be given an ¢y exaninatiasn
1o determine if vou have normal visual acuity, dark ndortari
and color vision. After the eye examination veou will be
participate in a reries of vracking secsions.  Turing coch counioy
you will be asked 1o be seated in 2 dimly lighted snndlag reom v
asked n accurately aim at track moving targets through o wigbsl
scope in a laser designator device,

REN

2. How long will your participation last”

Your participation will include an eye examination, throe traoio:s
sessions each of which will last approximately 1 hr ant 15 rin ard
one test session that will be comprised of 32 'H-uee tria’s thet
will last aprroximately <he same length of time.

»

3. To what tests or examinations will T be required tvo cabmit!

a. Before being accepted into the study, you will be asked =0 taie
an eye examination that innludes visual acuity, dark adap-ation,
color vision, and visual inspection of your eye be a1 rhysiciapn.

b. During the study you will be asked to participute in several {7
0 5), 45 minute sessions. During each sescion vou will rrach
rargets with an optical vracking device and your performance of
this task will be measured. Fazch tracking session will be
scheduled on a separate day.

4. Why is the investigation being cond.ucted?

With the increased use of optical devices for ranging and tracking
in the military, information is required concerning physiolopicu]
and behavioral factors which influence the soldiers ability to une
these devices. (Guidelines that will maximize the likelihood of
successful mission using these devices should be established under
conditions that are highly similar to those expected during
combat. Tuch data can be used for training of troops in the
field.

APFENRIX A rcont)
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. Has rthis parvicalar ot va beon done 'I"‘V‘l"’-)l‘xl',' AT it <o with whart
! J i g
resalrat

N
©e What inconveniences or discomforts will [ 1ikely exporicence?

Puring the practice and test sessions you will be askedi to spend
approxinartely 2 hrs totas] in a semi-darkencd sanbag bunker. }
Paring this session, you will be acked 1o 1rack 4 moving target |
for periods ap 10 20 sec. Rest periods will be included whrere ¢
necessary Lo prohibit the development of Farnigue. Considerable r
attention on vour part will be required to insure valid tracking

daa. Turing some of the tracking trials you will be exposed, i
withour warning, to btrief flash of light. The flash is not !

hazardous. The flash effects that you will experience are similar 4
to those produced by a standard photographic flash attachment. l
These effects inclade reflex eyeblink, temporary loss of dark !
adaptation, and brief appearance of visual afterimages. These i
flash effects are temporary and will last for only a short period. {
7. What risks or hazards can bhe reasonably anticipated?
None.,
2. What steps will be taken 1o prevent or minimize these risks or
han1rds?
I
N ; |
Not aprplicable. ;
§ |
Y. Whit benefits, if any, may T expect from my participation in the j
stuldy”’ i
Some of the eye examination information may te asefal for youa. 1
14
1J. What appropriate alternative procedures, if any mieht be more !
' i
8 advantagseous to me? 1
None.
11. Hew will my records and data be stored?
. . . . . C s I
A1l records and data will be stored in a confidential file within
the Tivisien of Ocular Mazards, LAIR, POF. Only rroject personnel
. will have access to this file.
# \ It
: APPENDIY A (cont)
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12. Where can medical treatment be received in the cven® tha- v
necessary”?

Medienl treantment can be received in the Visunl Farnewions soeen o f
the Division of Ocalar Hazards sand also at Letterman (omy "5 cal
Tenter,

12, who ¢nn be contacted in reference v the rocenreys Ye 1t ocons
subjecrts rights, and research related injuaries?

“PT Levine, Yr. Pavid Otarper or COL Peutrice onro te oot oLor o1
any of the above information. They ~an te rian

~ .

23447276, Tivision of Ocular Yazards, LATE, TN

‘4. What are my obligntions to the project?

Once you have bepun the project, we would live you <o coamnl. o »
your part of the project since time a''oted for yoa 15 wvial v
1s and would add considerably to th~ *otal length of the s
~ven just a few of these purticipants did notv complo®: the
of the project. However, you may revoke vour conser L o oarn)

and withdraw from the project without preiudice.

15. What is the title of the study, where will it be conducted o2 who
is the principal investipator?

The tirle of this :=tudy is The rffects of Fepetit.. e,
Tneoherent ¥lashes on Pursuit Tracking Performance. The st
be conducted within the Divicsion of Ocular Hazopls, Letorp:
Tnstituate of Research, Presidio »f San Francisce. The principn
investigator will be OPT Richard R. lLevine.

Richard k. levine, "%
CPT, MSC

Research Psychologin
Tivision of Ocular razaris
(41556533760

Principal Investigstor

Wdwin 7. Pertrice, N.D.
coL, MC

Pivision of Ocular Hursrlde
(415-561-2344)

Resprnsible Physicinn

APPENDIX A (concluded)
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